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Volume 53, Number 1 Letters to the Editor 267The reason underlying the association of Hp 2*/1* phenotype
with increased rates of expansion of AAA resides in the phenomenon
ofmolecular heterosis atHp 1/2 polymorphism,2 reported by several
genetic association studies,1 and further confirmed by molecular
structure of haptoglobin protein.3 Molecular heterosis occurs when
subjects heterozygous for a specific genetic polymorphism show a
significantly greater effect (positive heterosis) or lesser effect (negative
heterosis) for a quantitative or dichotomous trait than subjects ho-
mozygous for either allele. Comings and MacMurray estimated that
molecular heterosis may occur in up to 50% of gene associations.2
In this context, Hp 1/2 polymorphism is characterized by the
productionof threedistinctbiochemicalphenotypes, eachonepossessing
different molecular configurations (Fig) and functions.3 The disease-
modifying effect of Hp 2*/1* proteins can be related to their scarce
distribution in extra vascular ambient in that, being more highly poly-
meric proteins than Hp 1*/1* dimers and displaying asymmetric struc-
ture comparedwithcyclicpolymersproductbyHp2*/2*, are limitedby
their molecular mass and stereo configuration,3 and therefore to their
lower efficacy both in preventing oxidative tissue damage and to down-
regulation of the inflammatory processes in general. Moreover, we sug-
gest that Hp 2*/1* molecules would have lower binding to CD163
receptors, thus lower scavenging activity and lower angiogenic activity
thanHp 2*/2*molecules, and would have lower binding to hemoglo-
bin thanHp1*/1*molecules, and thuswouldconferhigher riskofAAA
thanbothHp2*/2*andHp1*/1*molecules. It is alsonoteworthythat
haptoglobin interactswithother determinants ofAAAsuch asAPOB,4,5
APOE,5 andHMOX16; therefore, it is conceivable that studyof epistatic
relationships between polymorphism of these genes may further clarify
the role of Hp in AAA.
AAA is a complex disease, and its etiology comes from the
interaction of genetics and environmental factors. In the last years,
the worldwide scientific community has paid great attention to the
discovery of genetic determinants of common complex diseases. A
more detailed understanding of genetic effects will pave the way to
predictive and personalized medicine, further improving the
healthcare of the entire community.
Valerio Napolioni, MSc
Laboratory of Human Genetics
School of Biosciences and Biotechnologies
University of Camerino
Camerino, Italy
REFERENCES
1. Wiernicki I, Safranow K, Baranowska-Bosiacka I, Piatek J, Gutowski P.
Haptoglobin 2-1 phenotype predicts rapid growth of abdominal aortic
aneurysms. J Vasc Surg 2010;52:691-6.
2. Comings DE, MacMurray JP. Molecular heterosis: a review. Mol Genet
Metab 2000;71:19-31.
3. Langlois MR, Delanghe JR. Biological and clinical significance of hapto-
globin polymorphism in humans. Clin Chem 1996;42:1589-1600.
4. Braeckman L, De Bacquer D, Delanghe J, Claeys L, De Backer G.
Associations between haptoglobin polymorphism, lipids, lipoproteins
and inflammatory variables. Atherosclerosis 1999;143:383-8.
5. Cigliano L, Pugliese CR, Spagnuolo MS, Palumbo R, Abrescia P. Hapto-
globin binds the antiatherogenic protein apolipoprotein E - impairment of
apolipoprotein E stimulation of both lecithin:cholesterol acyltransferase
activity and cholesterol uptake by hepatocytes. FEBS J 2009;276:6158-71.
6. Philippidis P, Mason JC, Evans BJ, Nadra I, Taylor KM, Haskard DO, et
al. Hemoglobin scavenger receptor CD163 mediates interleukin-10 release
and heme oxygenase-1 synthesis: antiinflammatory monocyte-macrophage
responses in vitro, in resolving skin blisters in vivo, and after cardiopulmo-
nary bypass surgery. Circ Res. 2004;94:119-26.
doi:10.1016/j.jvs.2010.07.072
Reply
Dr Valerio Napolioni proposed an interesting molecular mecha-nism that could explain association of heterozygous Hp 2-1 pheno-type with rapid growth of abdominal aortic aneurysms (AAAs). This
hypothesis remains to be proven because no direct evidence for the
influence of different Hp oligomeric forms on the activity of elastase
and other proteolytic enzymes has been published so far. We did not
speculate on a specific mechanism of molecular Hp 1/2 heterosis in
our recent paper due to lack of experimental data. It has been
documented in vitro that both Hp 1-1 andHp 2-1, containing an 1
chain, increased the rate of elastin degradation by elastase two to four
times, when compared with Hp 2-2.1 It seems that the 1 chain is
necessary for stimulation of elastase, but it does not explain why only
Hp 2-1 and not Hp 1-1 accelerated AAA growth. Specific properties
of asymmetric hetero-oligomers containing products of Hp1 and
Hp2 alleles, which are present only in Hp 2-1 heterozygotes (Fig),
could be a plausible explanation. Further molecular characterization
of the hetero-oligomers is needed, and their influence on elastase
activity, inflammation, binding with various receptors, and other
proteins should be thoroughly investigated, with special emphasis on
potential pharmacological modification. Our recent, preliminary ex-
periments suggested that haptoglobin is subjected to faster degrada-
tion in the alkaline environment (pH 7.6), which is optimal for
elastase activity. Elastase isolated from theAAAhydrolyses elastinwith
the optimal activity (ie, is poorly inhibited) at pH  7.6.2 The
influence of Hp polymorphism on its proteolytic degradation needs
further research.
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Fig. Structures of haptoglobin oligomers for 1-1, 2-1 and 2-2
phenotypes.doi:10.1016/j.jvs.2010.08.011
